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The vascular cylinder occvpies the central part of roots of hiÿier 
plant species. This central core is composed of the vascular system and 
associated parenchymal cells* The vascular system consists of phloem, 
the chief food-conducting tissue and xylem, the principal water-conducting 
tissue. Typically, the phloem of roots occurs as strands located near the 
periphery of the vascular cylinder. The xylem may likewise occur as strands 
and occupy the center of the cylinder as well. The tissue surrounding the 
phloem and xylem is designated as the pericycle. 
Thé differentiation of these tissues, as it occurs in soil grown plants, 
has received wide spread attention. The most recent studies, however, have 
been made on intact or excised roots and fragments of vascular tissues cul¬ 
tured in nutrient solutions. 
A study on differentiation of cells or tissues necessitates an expla¬ 
nation of the term in accordances with the idea being conveyed by a particu¬ 
lar investigator. This is important because various writers have reported 
that numerous inconcistencies regarding this term are found throughout the 
literature. Popham (’55) suggested that the term differentiation was most 
acceptable vtfien applied to cells or tissues which became different enough 
(morphologically or physiologically) from surrounding cells or tissues to 
allow recognition of their individuality. He pointed out that such differ¬ 
entiation may have resulted from initial individualization due to differ¬ 
ences in cell size, shape, contents, rate of division or chemistry of walls. 
Heimsch (*51) considered differentiation to be initiated at the time 
an element became delimited, positionally, as the terminal member of a file 
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of immature vascular cells* He designated maturation as the final stage 
of differentiation when a cell assumed its adult characteristics* 
In this report, the term differentiation applies to cells and tissues 
which undergo recognizable morphological individualization from immature 
vascular cells or initials* The term maturation is used as defined above 
by Heimsch. 
The purpose of this investigation was to study the pattern of differ¬ 
entiation of primary vascular tissues from dormant embryos of turnip cul¬ 
tured in nutrient solutions. Turnip was chosen in order to contribute 
data on the differentiation of these roots which have received relatively 
little attention* 
CHAPTER II 
REVIEW OF LITERATURE 
Esau (*43) in her review of the origin and development of vascular tis¬ 
sues, indicated that variations occurred in differentiation of the vascular 
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cylinder from its meristem in accordance with the differentiation of the 
different elements composing the cylinder. The pericycle, for example, be¬ 
came distinct from the central part of the embryonic stele usually at a dis¬ 
tance close to the apical meristem. A root pericycle became a distinct con¬ 
tinuous layer which may have resulted from independent initials or may have 
arisen from the same initials as the rest of the central cylinder* When 
primary growth was completed, the pericycle contributed some cambium to the 
vascular cylinder of roots having secondary growth. 
In the same discussion, Esau defined procambium as the meristem which 
gave rise to primary vascular tissues* Recognizing the fact that differ¬ 
ences occurred in the meristematic cells which eventually differentiated 
into vascular tissues, Esau emphasized that the term procarabium must be suf¬ 
ficiently broad to account for morphological variability of such meristematic 
cells* She noted that the relative length which procambial cells attained 
before their transformation into vascular elements varied in relation to 
the stage of differentiation. 
Xylem and phloem of the root arose in the central cylinder* Sluggish 
cell division in this central cylinder appeared to result in the early en¬ 
largement of the elements of metaxylem and indicated that numerous longi¬ 
tudinal divisions did not occur in the meristem of that region* 
In conclusion, Esau reported that procambium, xylem and phloem of roots 
seemed to be continuous with the same tissues of the basal part of the roots, 
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indicating that differentiation was acropetal. In such progressive acropetal 
differentiation of vascular elements, the sieve tubes matured closer to the 
apex than elements of the xylem. 
Allen (*47} studied the development and anatomy of the dormant embryo 
of fir trees. He found that during the late stages of embryogeny the pro- 
meristem of the stele was delimited at its ends by the free embryonic apex 
and the root initials* The embryonic stele as well as the embryonic cortex 
of the dormant embryo was formed from enlargements by intercalary growth of 
the stele and cortex promeristems. Allen emphasized that the term embryonic 
stele was more descriptive for the central cylinder of fir embryos than the 
term procambium. He explained that the embryonic stele indicated that the 
origin of that tissue was the stele promeristem of the early embryô. The 
embryonic stele gave rise to the stele of the primary root and the hypocotyl. 
Allen further indicated that provascular differentiation occurred very 
early in the stelar promeristem and progressed acropetally in the cotyledons 
and basipetally in the young stele. 
Williams ('47) studied several kinds of plants in order to compare the 
structure and development of vascular elements. His work included observa¬ 
tions made on 179 species of monocotyledons and dicotyledons. Williams 
found that the vascular cylinder originated from a small group of cells at 
the tip of the plerome. He also noted that primary sieve tubes were differ¬ 
entiated and functioned down to the region where the cell walls were thin 
and rapid cell divisions and growth were occurring. The endodexmis was 
found to be differentiated from a cylindrical layer of cells acting as cam¬ 
bium which surrounded the plerome* 
Spurr ('49) studied the histogenesis and organization of pine embryos 
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which had been taken from trees in the field* In his findings concerning 
the origin and location of procambium, Spurr indicated that procambium ap¬ 
peared in the embryo before definitive cotyledonary primordia were formed* 
This procambium held a definite positional relationship with respect to 
other regions of the embryo. He asserted that procambiura was a meristem 
in which events leading to the formation of vascular tissues were actively 
occurring. The presence of specific features which represented phases in 
the development of primary vascular tissues was, therefore, the basis for 
determining whether or not a tissue was procambium. Upon this criterion, 
Spurr reported that the origin of the procambium in the embryo was observed 
when cells showed» (l) occasional longitudinal division, (2) less frequent 
divisions in a transverse plane and (3) stained relatively deep. The first 
and second features contributed to the appearance of a fourth, the tendency 
for procambial cells to become elongated. The relationship that procambium 
showed with respect to other tissues and structures was a fifth basis upon 
which Spurr determined the development of the procambium. 
Goodwin and Stepka (’45) made quantitative measurements of the rate of 
elongation and cell enlargement in primary roots of timothy grass grown in 
vertical culture chambers. The chambers were so constructed as to allow 
examination of the root meristem under high magnification with a compound 
microscope. Data were presented which indicated the interrelationships of 
rate of elongation, cell enlargements, cell division and the differentia¬ 
tion of the vascular elements at various levels within the root. Goodwin 
and Stepka noted that the differentiation of various types of cells occurred 
at different levels within the root and depended upon the particular type of 
cell involved. Sieve tubes, for example, matured within the meristematic 
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zone before the xylary elements which differentiated in the zone of cell 
elongation as indicated by characteristic thickenings of the secondary walls* 
In an earlier report Esau (*39) indicated that during maturation of the 
sieve tube, the protoplast undergoes several profound changes* Such changes 
involve* loss of the nucleus and semipermeable properties, cessation of cyto¬ 
plasmic streaming and breakdown of the interfacial boundary between the 
cytoplasm and the vacuole. The cytoplasm becomes highly elastic, course and 
even fibrous. 
Spurr (*50) made further studies on the organization of the procambium 
in pine embryos. He described xyloic procambium as a group of small cells 
which appeared in three distinct regions* The first cell of this level that 
matured into a primary tracheid was a group of cells next to the pericycle. 
Centrad to these he found small cells which occupied an area that extended 
about half way to the center of the pith. The fact that intercellular 
spaces only occurred in the pith was a feature vdiich enabled Spurr to dis¬ 
tinguish between pith and procambial regions. Primary xylera was differen¬ 
tiated from cells centrad to resin ducts. A constant difference in relative 
length existed between the outermost cells of the xyloic procambium and 
metaxylem more centrad in position. 
Heimsch (*51) recognized the need for further investigations concerning 
the developmental aspects of the root. He studied development of vascular 
tissues in barley roots cultured in nutrient solutions. The purpose of his 
work was to contribute data concerning development of dicotyledonous roots 
and also for use in the interpretation of results of physiological studies 
on barley roots. Heimsch confirmed the results of many investigations in 
which it was observed that all elements of phloem and xylem differentiated 
acropetally# In all roots studied, Heimsch found elements of mature phloem 
nearer the apex than those of the xylem. Following the maturation of proto¬ 
phloem sieve tubes differentiation of protoxylem was observed. Metaphloem 
and early metaxylem matured at about the same level. Late elements of 
metaxylem differentiated next to the initials of the stele. Differentia¬ 
tion proceeded centrifugally at any given root level. Later maturation of 
vascular tissues proceeded centripetally. 
Popham (*55) investigated levels of tissue differentiation and matura¬ 
tion in roots of the common garden pea cultured in aerated and non-aerated 
nutrient solution. This work was done in order to find the relationship 
which existed between the level of differentiation of one tissue to that of 
others and to determine the level at which a tissue differentiated relative 
to the level at which certain physiological processes occurred. His find¬ 
ings indicated that pericycle differentiation appeared in the inner cylinder 
of the cortical cells at the levels where evidence of periclinal and frequent 
divisions were no longer apparent. He noted that the pericycle may consist 
of from two to three layers at levels opposite ridges of the primary xylem. 
Early in differentiation the walls of primary sieve tubes were somewhat 
thicker than the thin walls of other elements of the phloem. Thick-walled 
phloem fibers differentiated in the third row of primary phloem cells. 
Popham also observed the presence of lysigenous cavities in the central 
portion of the primary xylem. He noted that such cavity formation began 
close to the root tip. As a result, few water vessels were present in the 
root and relatively few cells of the primary xylem were found with thick 
walls. 
A stelar cambium was observed to differentiate in parenchymal layers be- 
tween phloem and xylem as well as around the ridges of xylem in the cells of 
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the pericycle. This cambium contributed new cells to both xylem and phloem. 
Stelar cambium initiation was observed in isolated localities on both sides 
of a xylem ridge opposite a lateral root initial. Popham called these cam¬ 
bial "islands" and indicated that they did not continue to differentiate 
around the entire xylem. With the exception of these cambial "islands", 
tissues differentiated acropetally in a progressive manner. He concluded 
that xylem was the first tissue to differentiate out of the meristematic 
cells of the procambial strand. Elements of the xylem which constituted the 
xylem poles were clearly defined by enlargement and vacuolation in a cen¬ 
trifugal order. This occurred before the first sieve tube in each phloem 
location became differentiated. 
Differentiation of primary xylem occurred centrifugally and acropetally 
while maturation proceeded centripetally and acropetally. Differentiation 
and maturation of sieve tubes proceeded centripetally and acropetally. 
CHAPTER III 
MATERIALS AND METHODS 
Primary roots from seedlings of Brassica rapa L..variety Puxple Top 
White Globe were the plant materials chosen for this study* The seeds from 
which these roots were cultured were distributed by the Ferry-Morse Seed 
Company of Mountain View, California. 
Seedlings were grown in non-aerated nutrient solutions prepared as de¬ 
scribed by White ('54)* White’s culture medium consisted of a carbohydrate 
portion, a mineral-salt portion and a vitamin supplement* A mineral-salt 
stock solution was prepared which contained the following substances in 
400 1. of distilled watert 11 gms. calcium nitrate, 10 gms. sodium sulfate, 
4 gms. potassium chloride, 0.822 gms. sodium phosphate monobasic, 0*225 gms. 
manganese sulfate, 0*075 gms. zinc sulfate, o*075 gms* boric acid and 0*0375 
gms. potassium iodide* 
The vitamin stock contained, per 100 ml. of distilled water, 300 mg* of 
the amino acid glycine, 50 mg* nicotinic acid, 10 mg* thiamine and 10 mg* 
pyrioxine* 
A fresh solution of the carbohydrate portion was made each time new 
medium was prepared* This portion contained 5 mg. of ferric sulfate in 100 ml. 
of distilled water and a sucrose solution which contained 40 <jras. of the sugar 
in 500 ml. of distilled water* 
A basic medium was prepared from the stock and carbohydrate solutions. 
This medium consisted of 600 ml. of the carbohydrate solution, 200 ml. of 
the mineral-salt stock and two milliliters of the vitamin stock. The solu¬ 
tion was made up to one liter. Six-hundred milliliters of the basic medium 
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were diluted with 600 ml. of distilled water to produce the liquid culture 
medium which was designated as BW. The remaining 400 ml. of the basic me¬ 
dium were added to 400 ml. of a hot one per cent solution of "Noble" agar. 
This agar medium was designated as BVIIk, 
Medium BW was dispensed in 50 ml. portions to 125 ml. Erlenmeyer flasks. 
Medium BWA was dispensed in 15 ml. portions to 15 mm. culture tubes. This 
medium was allowed to cool and solidify while the culture tubes were placed 
in a tilted position in order to produce agar slants. Such slants allowed 
greater surface area for growth and elongation of roots. 
All glassware had been cleaned thoroughly and sterilized by dry heat for 
two hours at 150°C. prior to use. Following the distribution of media into 
designated culture tubes and flasks, the containers were stoppered with 
sterile cotton plugs. The media and instruments were sterilized by auto¬ 
claving for 20 min. at 15 lbs. pressure. 
Turnip seeds were surface sterilized by briefly washing in a 10% solu¬ 
tion of commercial Clorox after which they were thoroughly rinsed in dis¬ 
tilled water. The seed coats were softened by placing seeds for three to 
4 hrs. in sterile Petri dishes lined with filter paper which was nearly 
saturated with sterile water. 
The dormant embryos were extracted from the seeds under sterile condi¬ 
tions with the aid of a dissecting microscope and watchmaker's forceps. 
The cotyledons were removed with a fine scalpel. The isolated hypocotyls, 
which ranged in length from two to two and one-half millimeters, were trans¬ 
ferred to the culture solutions with the aid of a spiral bacteriological 
loop, which had been washed in alcohol and flamed. The mouths of the cul¬ 
ture tubes and flasks were flamed before and after transfer. They were then 
stoppered with two inch aluminum foil squares. 
The period of growth for seedlings was 21 days. At progressive stages 
of development the seedlings were removed from culture solutions. The 
roots were then excised and fixed in FAA (50 cc. 95# ethyl alcohol, 5 cc. 
glacial acetic acid, 10 cc. formalin, 35 cc. distilled water). After 24 
hrs. in the fixative, the roots were dehydrated in a dioxan series, infil¬ 
trated, and embedded in paraffin. Serial transverse and longitudinal sec¬ 
tions were microtomed at 10 tt. The sections were stained with safranin and 
anilin blue as well as with the tannic acid-ferric chloride stain. Micro¬ 




Organization of Tissues in the Formant Embryo 
Differentiation was determined in roots cultured for 16, 20 and 24 
hrs. Maturation of the vascular elements was observed in roots cultured 
two, three, 5, 7, 12, 14 and 21 days* 
The incipient root of the hypocotyl-root axis consisted of the apical 
meristem surrounded by the rootcap* The rootcap was seven layers thick 
and composed of large parenchymal cells* These were surrounded by a limit¬ 
ing layer of smaller cells. At a distance of 30 u_ the cells of the root- 
cap were so arranged as to appear to converge toward a central point. The 
apical meristem was located at the top of the seven layers composing the 
rootcap. These cells were generally of the same size and spherical in shape. 
Without sharp distinction the pericycle and endodermis were defined at this 
level. All cells stained deeply and pronounced nuclei and nucleoli were ob¬ 
served (fig. 1). 
In longitudinal sections, the meristematic area extended several microns 
upward within the incipient root. The cells were spherical and somewhat 
larger than was suggested in cross section. The cortex and central cylinder 
initials were defined in the longitudinal sections. The cortex initials 
were composed of two cell layers. Initials of the central cylinder were a 
small group of cells above the cortical initials (fig. 2). 
Differentiation of Vascular Tissues 
Meristematic organization of roots cultured 16, 20 and 24 hrs. revealed 
a pericycle which was one cell layer thick. The pericycle was surrounded 
by the endodermis which consisted of cells slightly larger than those of 
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the pericycle. The protoplasts of the endodermal cells were pulled away 
from the cell walls on the sides abutting the pericycle. The endodermis 
was surrounded by the cortex which consisted of seven layers. The pro- 
cambium, surrounded by the pericycle, was composed of cells which were 
slightly smaller than those of the pericycle. Generally, procambial cells 
were of the same size and shape. Stainability was unifoim throughout 
these cells as well as in those of the pericycle (fig. 3). Twenty microns 
above this level, some enlargement of the centrally located cells was ap¬ 
parent. At the same level, a slight decrease in stainability was detected. 
These cells were identified as xyloic procambium. 
Initiation of sieve tubes occurred, on the average, at a level of 180 
u for roots cultured 20 hrs. and 200 u for those cultured 16 and 24 hrs. 
This initiation occurred in the pericycle as one cell in a phloic strand, 
consisting of four cells, exhibited a considerable decrease in stainable 
contents and an absence of the nucleus. The criteria for all determinations 
throughout this paper were the same as those used by Heimsch (*5l). The 
sieve tubes were mature at a level which averaged 270 t£. The single mature 
sieve tube was diamond-shaped and flanked laterally by two cells, the pro¬ 
toplasts of which were pulled away from the cell walls. Another cell was 
internally adjacent to the sieve tube. These 4 elements made up the pro¬ 
tophloem strand (fig. 4). The two lateral cells stained deeply and con¬ 
tained distinct nuclei. The internal cell was lightly stained. 
Vacuolation of cells of the xyloic procambium started at the same level 
at which sieve tubes matured. However, elements of the xylem differentiated 
and matured at 630 u. A large central duct occupied the center of the cen¬ 
tral cylinder at a level of 820 u in roots cultured 20 and 24 hrs. (fig. 5). 
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Remnants of the cytoplasm were seen in this duct* At 970 u the central 
duct was delimited by several elements of metaxylem. 
Longitudinal sections of roots cultured 16, 20 and 24 hrs. revealed 
the continuation of the cells of the central cylinder of the roots with 
similar cells of the basal region. The most immature cells were located 
between the elongating cells of the basal portion and those of the root. 
These were cortical cells which were highly vacuolated, large and spheri¬ 
cal. Next to the pericycle, a mature element of xylem was seen which had 
annular wall thickenings. This element was continuous and had no perforated 
end walls (fig. 6). 
Maturation of Vascular Tissues 
The maturation of xylem and phloem was observed in older portions of 
roots cultured for two, three, 5, 7, 12, 14, and 21 days. A diarch xylem 
ridge was observed in all of the stages studied. Lateral roots originated 
between xylem and phloem. This was one criterion for determining the 
diarch organization of the xylem (fig. 7). 
Little difference was seen in the maturation of tissues in roots cultured 
two and three days. The xylem at both stages consisted of two poles of pro- 
toxylem. The entire file of elements of xylem extended across the diameter 
of the central cylinder (fig. 8). There was no sharp line of demarcation 
between protoxylem and metaxylem. Active maturation occurred in this area. 
At slightly higher levels, the central elements of xylem were doubled by the 
maturation of two additional elements (fig. 9). The maturation of elements 
of xylem occurred in a centripetal order. 
Roots cultured 5 and 7 days were observed at similar levels of matura¬ 
tion. The medial region of the xylem was increased by the maturation of 
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more elements of xylem in that region. In a longitudinal section both 
tracheids and vessels were identified. Those elements of the xylem near 
the periphery of the central cylinder had annular secondary wall thicken¬ 
ings. The elements next to these had helical wall thickenings. Larger, 
more central elements were scalarifoxmly pitted (fig. 10). 
In roots cultured 12 and 14 days some cambium was present. This cam¬ 
bium was most conspicuous around the xylem ridges. There was no secondary 
tissue initiation, however. Longitudinal sections revealed both tracheids 
and vessels which matured in the same manner as those described at 5 and 7 
days (figs. 11 and 12). 
The root base at 21 days revealed a diarch xylem ridge with 9 to 12 
elements of metaxylem (fig. 13). Between the ridges, associated parenchymal 
cells were observed. A vascular cambium surrounded the xylem. The cells of 
the cambium were anticlinally oriented and consisted of from three to 4 lay¬ 
ers (fig. 14). 
The scalarifoxmly pitted walls of some of the elements of xylem were 
seen in cross section. The xylem was so arranged that the innermost ele¬ 
ments had scalariformly pitted walls; the outermost elements had helical 
thickenings. At some levels remnants of cytoplasm were seen in maturing 
elements of xylem (figs. 15 and 16), 
CHAPTER V 
DISCUSSION 
The morphological patterns of vascular differentiation observed in 
turnip roots during various developmental stages were found to vary little 
from descriptions of this process noted by other writers involving several 
species of higher plants. The uniseriate pericycle and endodertnis were 
the first tissues associated with primary vascular differentiation to be 
defined. These tissues appeared close to the root apex. Observations made 
in this study were inconclusive as to which of these tissues was first to 
be differentiated* In his studies on pea roots Popham (*55) noted that the 
endodermis was the first to appear. He was able to identify this tissue in 
early stages of differentiation by the presence of Casparian strips which 
are characteristic of the endodermis. These structures were not identified 
with certainty in this investigation. 
The differentiation of vascular tissues in turnip roots was found to 
be typical of most roots which have been studied. The direction of differ¬ 
entiation of all elements of xylem and phloem was noted to be acropetal and 
centrifugal although maturation occurred centripetally. Heimsch ('51) cor¬ 
related the centrifugal direction of vascular differentiation with the 
growth processes which were concerned with an increase in root size. He 
supported this idea by indicating that in later stages of secondary differ¬ 
entiation active cell division was restricted to the periphery of the stele. 
The levels at which differentiation and maturation occurred were ob¬ 
served to vary among roots. Esau (*43) reported a relationship between the 
rate of growth of the root and the proximity of mature elements to the 
apical meristem and indicated that both were affected by environmental 
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conditions, the type of root involved and the developmental stage of the 
root* 
According to Heimsch (*51), the differences noted in levels of differ¬ 
entiation among roots were related to the rate of elongation and the 
length of the root* Rapidly elongating roots were generally found to ma¬ 
ture at greater distances from the apex* Heimsch, therefore, suggested 
that during initial growth after the formation of a root, overall growth 
proceeded more rapidly or at about the same rate as differentiation* Later, 
as growth rate decreased, differentiation did not undergo a proportional 
decrease. As a result, the acropetal rate of differentiation exceeded the 
overall growth rate during certain periods. 
These explanations suggested that in the present investigation, roots 
cultured for 16 hrs. represented a stage of most rapid elongation of turnip 
roots* As Popham ('5b) pointed out, this conclusion could be reached only 
if some consistency regarding age and genotype of roots was considered* 
Mature sieve tubes were observed nearer the apex than mature elements 
of the xylem, although components of metaxylem were the first vascular ele¬ 
ments to differentiate* This fact was based on the observations of early 
enlargement and vascuolation of xyloic procambium* Esau (M3) reported 
that early enlargement and vacuolation of metaxylem were apparently the re¬ 
sult of sluggish cell divisions in that area of the central cylinder. In 
that region, the frequency of longitudinal divisions in the meristem was de¬ 
creased although such divisions occurred often in the area of the phloem* 
The order of differentiation of vascular tissues was found to be constant 
in all roots studied in this investigation. Popham (*55) made similar obser¬ 
vations on pea roots* He concluded that this consistency was under the con- 
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trol of genes and not related to root age, environment or root length. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
1* The differentiation of the vascular cylinder of turnip roots cultured 
in nutrient solutions is similar to that described by various investi¬ 
gators for se-veral plant species. 
2* Differentiation of all elements occurred in an acropetal and centrifu¬ 
gal direction. The order of differentiation was found to be constant 
in all roots studied. 
3. Maturation of vascular elements occurred in a centripetal order. 
Sieve tubes of the protophloem were the first elements to become mature 
and were found nearest to the apex. Metaphloem and metaxylem matured 
at about the same level. 
4. Elements of metaxylem-were the first components to differentiate from 
the procambial strand. This was probably due to an early decrease in 
the longitudinal divisions which occurred in that region. 
5* The levels at which tissues differentiated and matured varied among 
roots. These levels of differentiation were obviously related to the 
rate of growth of the root. 
6. It is possible that the constancy in the order of differentiation of 
vascular tissues was under the control of genes. 
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PLATE I 
(Explanation of Figures) 
All figures are photomicrographs of prepared sections* 
(Explanation of Figures) 
Fig. 1. A section of the embryonic stele from the level at which the 
endodermis and pericycle are differentiated. X 430. 
Fig. 2. A longitudinal section of the embryonic stele showing initials 
of the central cylinder and cortex. X 430. 
Fig. 3. A cross section showing size and shape of procambial cells. 
X 430. 
Fig. 4. The protophloem strand of a turnip root cultured for 16 hrs. 
Note the enlargement and vacuolation of cells of the xyloic. 
procambium* X U30. 

PLATE II 
(Explanation of Figures) 
* 
All figures are photomicrographs of prepared sections* 
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• A large central duct (metaxylem) in a root cultured for 24 hrs. 
Note the remnants of cytoplasm along the walls of this duct. 
X 430. 
• A longitudinal section through a root cultured for 24 hrs. show¬ 
ing an element of xylem with annular wall thickenings. X 430. 
• The development of a lateral root between xylem and phloem shown 
in cross section. X 430. 
• A single file of mature elements of xylem across the diameter of 
the central cylinder. X 430. 

PLATE III 
(Explanation of Figures) 
* 
All figures are photomicrographs of prepared sections* 
22.- 
(Explanation of Figures) 
Fig. 9. A region of the metaxylem after maturation of additional elements*, 
X 430. 
Fig. 10. Tracheids and vessel members shown in a longitudinal section of a 
root cultured for 7 days. Note that helical wall thickenings oc¬ 
cur close to the periphery of the central cylinder. X 430, 
Fig. 11. A longitudinal section showing tracheids and vessel members in a 
root cultured for 12 days. X 43Q, 




(Explanation of Figures) 
# 
AH figures are photomicrographs çf prepared sections. 
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(Explanation of Figures) 
Fig. 13. The basal portion of a root cultured for 21 days showing a 
diarch xylem ridge with mature metaxylem elements. X 430. 
Fig. 14. A cross section through a root cultured for 21 days showing 
the vascular cambium. X 430. 
Fig. 15o A longitudinal section through a root cultured for 21 days 
showing tracheids and vessel members. X 430. 
Fig. 16. A cross section through a root cultured for 21 days showing 
remnants of cytoplasm in maturing elements of xylem. X 430. 

